Background
Mitral valve aneurysms (MVAs) are uncommon entities usually associated with aortic valve (AV) endocarditis [1] [2] [3] [4] [5] . Among other complications, they bear a high risk of perforation with subsequent acute severe mitral regurgitation (MR). However, the optimal treatment for MVAs, and in particular timing of surgery, is not well defined.
We present a case of AV endocarditis with associated aortic regurgitation (AR), initially managed with antibiotic therapy, but complicated by the occurrence of MVA and MR. In addition to MVA, other clinical evidence of uncontrolled infection was detected; the patient therefore underwent cardiac surgery with mitral valve (MV) and AV replacement.
Case Report
A 62-year-old man presented to the Emergency Department complaining of relapsing fever, which was poorly responsive to an empirical antibiotic treatment with cephalosporins. He had undergone dental surgery 2 months before.
A first transthoracic echocardiogram (TTE) showed a 4-mmlong image compatible with a vegetation involving the AV (Figure 1) , with associated moderate AR, raising suspicion of infective endocarditis (IE) of the AV.
The likelihood of IE was strengthened by positive blood cultures for Streptococcus sanguis. Targeted antibiotic therapy with ampicillin (12 g per day) was started.
A transesophageal echocardiogram (TEE) was then performed and confirmed the AV vegetation and the moderate AR, characterized by an eccentric jet directed toward the anterior mitral leaflet (AML). Mild MR was also detected, and a thin filiform structure involving the AML was noted (Figure 2 ).
The patient was hemodynamically stable, with no signs or symptoms of heart failure. Clinical improvement was seen after initiation of specific antibiotic treatment: his temperature normalized and blood cultures and inflammatory markers became negative. Despite this, after 9 days, he suffered from sudden onset of bilateral hypoacousia, confirmed by audiometry. Urgent positron emission tomography (PET) and cranial computed tomography (CT) were performed due to suspicion of endocarditis embolization. Cerebral imaging was normal, but the PET study revealed evidence of splenic embolization (Figure 3 ). TTE and TEE were repeated and showed worsening of AR. Moreover, an MVA, identified as a saccular bulge protrusion located on the AML, with systolic expansion and diastolic A cardiac CT study confirmed a 7-mm AV vegetation on the right cuspid and an associated abscess (13×17 mm) protruding toward the left atrium and in continuity with the AML (A1 scallop) ( Figure 7 ).
In consideration of the worsening of AR and MR, and due to splenic embolization and evidence of MVA complicated by perforation, signs of uncontrolled infection despite 12 days of specific antibiotic treatment, the patient was scheduled for surgery. Eighteen days after hospital admission, he underwent combined AV replacement (Perimount Magna Aortic Ease n°23) and MV replacement (Perimount Magna Ease n°29), without complications ( Figure 8 ).
He was discharged 10 days later and to date is doing well.
Discussion
The first case of MVA was reported by Morand in 1729 [1] .
MVAs are uncommon conditions and are usually a complication of AV endocarditis [1] [2] [3] [4] [5] . They are rarely encountered in patients without endocarditis. Sporadic cases are reported in association with particular conditions, such as connective tissue diseases (e.g., Marfan syndrome, Ehlers-Danlos syndrome, pseudoxanthoma elasticum, and osteogenesis imperfecta), extreme forms of MV prolapse (e.g., MVP), congenital cardiac structural defects, or Libman-Sacks endocarditis [5] [6] [7] [8] [9] [10] .
Various mechanisms have been proposed to explain the development of MVA in the setting of AV endocarditis. There have been reports of cases with a direct extension of the infection to the AML through the mitral-aortic intervalvular fibrosa with abscess formation and drainage [2, 4, [11] [12] [13] [14] [15] . Another suggested explanation is the "jet lesion", which is the infected aortic regurgitant jet striking the AML, leading to secondary infection of the MV and resulting in the formation of a leaflet aneurysm [2] . Third, the direct contact of a prolapsing aortic vegetation with the AML may cause transmission of infection to the MV and formation of MVA [15] . Notably, the "jet lesion" mechanism seems to be of particular importance in the formation of MVA [2] , probably due to the trauma caused to MV leaflets by the regurgitant jet.
In the case presented here, a combination of the first 2 mechanisms may be considered responsible for MVA occurrence, since the CT study showed an abscess of continuity with the MV, and the AR from the infected AV was directed toward the MV and struck the AML.
TTE and TOE are the mainstay of diagnostic imaging methods [16] , although three-dimensional (3D) echocardiography has also demonstrated great utility for this purpose.
The echocardiographic appearance of MVA is a saccular bulge of the mitral leaflets, typically protruding into the left atrium during systole and collapsing during diastole [3] .
Anterior MVAs are more common than posterior MVAs [17] [18] [19] .
The differential diagnosis of MVA includes MVP, myxomatous degeneration of the MV, flail mitral leaflet, chordal rupture, papillary fibroelastoma, atrial myxoma involving the MV, blood cyst of the papillary muscle, and anterior MV diverticulum [17, 20] . MVP, the most common condition among those mentioned above, can be distinguished from MVA by the diffuse leaflet thickening, the protrusion of the leaflet tip into the left atrium during systole, and the absence of a discrete neck [21] .
Several complications of MVA are possible. The most frequent and important is perforation of the aneurysm, as in the case presented here. Perforation may lead to acute severe MR and pulmonary edema [22, 23] . Larger aneurysms are considered to pose more risk of rupture than smaller ones, although risk of perforation has been shown to have no relation to size [24] . Beyond perforation, MR in MVA can occur due to other reasons. MVA is associated with spread of infection to the MV and thus to IE-induced degeneration of the valve and subsequent MR [24] . Moreover, MVA may cause a mass effect, leading to coaptation defect of the leaflets [5] .
Another serious potential complication of MVA is thrombus formation within the saccular bulge, with high risk of embolism and spreading of infection [8] . No definite indications for treatment of MVAs exist. Surgery should definitely be considered in case of perforation or rupture, with severe MR and signs of heart failure. Moreover, it might also be taken into consideration even without significant MR or heart failure, if concomitant evidence of uncontrolled infection is present [24, 27] . Basically, the decision of whether to perform surgery or to conservatively follow up a patient should rely on the dimension of the MVA and clinical status of the patient. A conservative approach for small, uncomplicated aneurysms is a reasonable option, while the surgical option may be suitable in cases of large unruptured aneurysms with clear evidence of thrombosis and therefore with a high risk of embolization.
In our patient, a medical and conservative approach was initially preferred due to the small size of the AV vegetation and low risk of embolization. However, despite the prolonged period of specific antibiotic treatment with blood culture results becoming negative, we not only observed increasing size of the AV vegetation with worsening of AR, but also occurrence of perforated MVA and distal embolization; therefore, this indicated the need for surgery. Notably, the clue that led us to investigate a possible distal endocarditis embolization was the sudden onset of bilateral hypoacousia. The cerebral CT scan and PET did not find any sign of cerebral emboli, but hypoacousia was clearly confirmed by audiometry and no other clear causes for it were present, and the antibiotic therapy prescribed (ampicillin) does not have ototoxicity as a possible adverse effect. One may speculate that a small endocarditis cerebral embolization occurred that was not detected by imaging. This hypothesis is unlikely but cannot be excluded.
MV repair, primarily or using synthetic or pericardial patch, in the setting of IE has been shown to have better clinical in-hospital and long-term results as compared to MV replacement [28, 29] . Prosthetic valve replacement may be considered in patients unsuitable for repair or with persistent MR following repair. The best time for surgery is unclear. Ruparelia [30] suggested surgery as soon as MVA is observed, in order to prevent other complications. On the other hand, Vilacosta [3] and other authors suggested the possibility of conservative management, with surgical intervention only in case of cardiac deterioration [13, 31, 32] .
Early surgery for IE has been advocated in general. Several case series have reported that, in comparison with conventional treatment, early surgical treatment yields better longterm outcomes and less risk of peripheral embolization [33] [34] [35] [36] , but it can present technical difficulties associated with weak and infected tissue. A period of antibiotic therapy before surgery can prevent possible extra-valvular involvement, especially on the intervalvular fibrous body. Simplifying operations is an important benefit of presurgical antibiotic therapy, because less extensive surgery is clearly associated with less operative risk [37] .
Conclusions
MVAs are infrequent but potentially severe complications of AV endocarditis. They may occur as a consequence either of direct extension of infection to the MV or of significant AR with an eccentric jet directed toward the AML. Severe MR or embolization are possible consequences of MVAs that may worsen the clinical course and the hemodynamic stability of the patient.
Given uncertainty about optimal treatment of IE with this specific complication, correct timing of surgery in MVA should depend on concomitant clinical and infective features.
